Abstract. In 2014, an inventory of protected Natura 2000 saproxylic beetles from the Prigoria-Bengeşti protected area in Gorj County (Romania) was made. Four species were identified: Osmoderma eremita (Scopoli, 1763), Lucanus cervus (Linnaeus, 1758), Morimus funereus Mulsant, 1862 and Cerambyx cerdo Linnaeus, 1758. Using GIS mapping analysis, the distribution of these species was established in terms of the habitats described in the Natura 2000 framework. Lucanus cervus occurred over more than half of the Prigoria-Bengeşti protected area, with an overall area of occupancy of 26.10%. Morimus funereus and Cerambyx cerdo occurred in between 23.21-27.67% of the area, whereas Osmoderma eremita only occurred in 12.04% of the ROSCI0359, with area of occupancy by 11.40%. This paper presents the threats to these beetles and summarises some management and conservation issues based on the existing observations and experience at a local level.
The accession of Romania to the European Union in 2007 required amendment of the relevant EU nature conservation legislation i.e. Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora (Habitats Directive). Romania's protected area network currently covers 16.76 % of the national territory, and comprises 383 protected areas (Brânzan & Mănoiu, 2013) . One of these protected areas is ROSCI0359 Prigoria-Bengeşti in Gorj County (South Romania), a Site of Community Interest (SCI). Its status as a protected area was declared legally through the Ministry of Environment and Forests Order no. 2387/2011. The Natura 2000 Standard Form for this area mentions three saproxylic beetles (Coleoptera): Lucanus cervus (Linnaeus, 1758); Morimus funereus (Mulsant, 1862) and Osmoderma eremita (Scopoli, 1763) . More recent research on the inventory and distribution of these species revealed that one additional saproxylic beetle was present: Cerambyx cerdo Linnaeus, 1758. These four beetle species are endangered or have a protection status. They have been included in Annex II of the EC Habitats Directive and are classified as "European Protected Species". Cerambyx cerdo and Osmoderma eremita are also included in Annex IV of the EC Habitats Directive. All these species are also protected by the Romanian national legislation, being included in Annexes 3 and 4A of OUG 57/2007, on the regime of protected natural areas and conservation of natural habitats, wild flora and fauna.
The ecological role of beetles in natural and mature forests ecosystems is well understood. Saproxylic beetles participate in natural decomposition of dead wood, prepare the substrate for colonisation by other species and contribute significantly to the complex ecological interrelationships of deadwood-rich forests. Such species are considered bioindicators for the maturity and ecological stage of their characteristic habitats (mature forests, parks, woodland fringes, orchards) (Bussler et al., 2005; Della Rocca et al., 2014; Stefanelli et al., 2014) . New information concerning their community structure, distribution, conservation status of their habitats and threats are very valuable in order to develop management plans for protected areas such as Prigoria-Bengeşti.
Lucanus cervus inhabits mature deciduous forests, especially lowland and medium-altitude oak woodlands (from 1000 m a.s.l. to 1700 m. a.s.l.), but can also occurs in urban habitats. The larvae are xylophagous, feeding on rotten dead wood at ground level. The imagines of Lucanus cervus usually emerge from the ground in May. The adults are mainly active at dusk and there is a seasonal peak of activity, which can vary from the end of May to the end of June. This species is threatened principally by the decrease in the mean tree age in forests, due to intensive management and over-exploitation -especially in Eastern Europe. These threats result in the loss of dead wood and of old trees which are the habitats required for the species to complete its life cycle .
Morimus funereus is a silvicolous, xylophagous and saproxylic species, its main habitat being deciduous and mixed forests. It lives mainly in old-growth forests or well-structured woodlands, with a medium-high density of dead wood. Larval development takes place in the wood of trunks and stumps and is completed in three or four years under natural conditions. In Romania, adults are active between April and the first half of August, sometimes until late October (Bărbuceanu et al., 2015) . One of the main threats to this beetle is the loss of habitat, such as the removal of branches and logs from the forest floor, as well as of standing dead or dying trees. Another threat is the felling and removal of large trees which are deemed too diseased or a danger to forestry operations (Hardensen et al., 2017) .
Osmoderma eremita is a large saproxylic beetle associated with hollow old trees with dead wood in European broadleaf woodlands. The seasonal activity of adults is correlated with climatic factors, such as altitude, latitude and habitat type and the adults are active from May to September. Solitary beetle larvae usually occur in hollow but still living, standing trees. They they have also been found in dead standing trees as long as the dead wood is able to retain a suitable degree of moisture . Most of the adult individuals remain within a few hundreds of metres of their natal tree (Chiari et al., 2013) . The main threats recognised are the decreasing number of hollow old trees in forests, fragmentation of old-growth forests and lack of connection amongst the habitat trees (Chiari et al., 2013; Maurizi et al., 2017) .
Cerambyx cerdo is a polyphagous saproxylic species that lives in deadwood of standing living mature oak trees (Quercus spp.) and other deciduous species such as Fraxinus spp., Salix spp., Ulmus spp., Fagus sylvatica, Platanus spp., Prunus spp. It generally occurs in semi-open wood stands. The larval development mainly takes place in fresh wood of oaks and lasts about 3-4 years, producing an irregular pattern of larval galleries. During the first year, the larvae feed under the bark layer, while in the second year, they move deeper into the wood. The adults remain sheltered in their chambers during the winter and emerge between May and August, depending on local climatic conditions relating to altitude and latitude. Over the last century, European populations of Cerambyx cerdo have suffered a dramatic decline in the number of populations and in population sizes in the whole of central Europe, mainly due to a decline in the number of old trees situated in open or semi-open landscapes (Torres-Vila, 2017; Redolfi De Zan et al., 2017) .
A bibliographical analysis of scientific papers on the Natura 2000 saproxylic beetles of Gorj County revealed that the first research was made in 1928-1929, by O. Marcu, mentioning some species from karstic areas. Lucanus cervus was identified in the following localities of Gorj County: Bârseşti, Bumbeşti-Jiu, Cheile Bistriţei, Cheile Galbenului, Cheile Sohodolului, Lainici monastery, Pietrele Albe, Târgu Cărbuneşti, Târgu-Jiu, Tismana, Vişina monastery, Zorleşti (Bussler et al., 2005 , Chimişliu, 2006 Stan, 2013) .
Morimus funereus was listed for the following localities: Bumbeşti-Jiu, Cheile Sohodolului, Lainici, Lupşa Valley, Piatra Cloşani, Rânca, Motru Sec, Novaci, Tarniţa, Tismana, Cloşani, Valea Sohodolului, Vişina monastery, Valea Bratcului (Bussler et al., 2005; Chimişliu, 2007a; Serafim et al., 2004; Serafim, 2010) .
Survey research in Gorj on Osmoderma eremita, revealed its presence at Cărbuneşti, Cheile Sohodolului and Tismana (Ranius et al., 2005; Bussler et al., 2005; Chimişliu & Mogoşeanu, 2011) . From the taxonomic point of view, Osmoderma eremita sensu lato includes a group of species or subspecies (Audisio et al., 2007) . In Romania, the precise species present is Osmoderma barnabita Motschulsky, 1845, although this appears as Osmoderma eremita in standard Natura 2000 descriptions for Romania (Iorgu et al., 2015) .
The presence of Cerambyx cerdo was indicated in Bumbeşti, Cheile Bistriţei, Chenia-Dumitra meadows, Lainici, Novaci, Tismana and Vişina Monastery (Bussler et al., 2005; Bobârnac et al., 1999; Serafim et al., 2004; Chimişliu, 2006 Chimişliu, , 2007 .
Studies on coleopterans from Prigoria-Bengeşti protected area were made by Nitzu Eugen in 2010, but the data have not been published. Thus, in the present study, the objectives were to establish for the first time the community structure of Natura 2000 protected saproxylic beetles, their distribution, to map their extend of occurance and area of occupancy and to report threats to the species.
materials and methods

Studied area
The Prigoria-Bengeşti protected area (ROSCI 0359) is situated in the northeast part of Gorj County, within the Getic Subcarpathians ( Fig. 1) and covers 2490 hectares. The altitude varies between 298 m in the Bucium Valley and 510 m close to Cârligei Hill. The gradient is <16% with an aspect that is predominantly south and south-east.
The climate is temperate-continental, with annual average temperatures between 8ºC and 10ºC. The average temperature in July is 22ºC and in January by -1.5ºC. The annual average precipitation is 700-800 mm. From the pedological point of view, the soils present include: alluvial (2.9%), argillic (1%), brown eluvial (podzolic) (49.2%), brown eumesobasic (4.6%) and pseudorendsines (42.4%) (http:// www.natura2000prigoriabengesti.ro/index.php/prezentare-generală).
The Natura 2000 description for ROSCI 0359 Prigoria-Bengeşti documents the following habitat types (http://www.natura2000prigoriabengesti.ro/index.php/ prezentare-generală), which were investigated in the present study:
• (Doniţă et al., 2005) . Some pine and oak groves (0.23% ≡ 5.58 ha); pine and acacia groves (4.67% ≡ 114.85 ha) and unproductive land (2.75% ≡ 67.49 ha) were also identified (Fig. 2) .
Beetle fauna collecting
The beetle fauna was sampled within the period March-September 2014. As the total area of Prigoria-Bengeşti is relatively small, all habitats were investigated in the first field trip. After a careful analysis, transects were established in favourable habitats i.e. mature forests (eliminating the young natural regeneration areas less than 5 years old, or unproductive land). For Cerambyx cerdo and Morimus funereus, transects were established mainly in open or semi-open wood stands (Torres-Vila LM, 2017; Redolfi De Zan et al., 2017) . For Lucanus cervus transects were established in mature forests, with medium-high quantity of dead wood . For Osmoderma eremita, the study concentrated on old-mature trees with treehollows (Chiari et al., 2013) . So as to use a non-destructive way to obtain biological material, two collection methods were used: a) direct observation and identification using transects (for all investigated saproxylic beetles); and b) tree pitfall traps (for Osmoderma eremita) (Bussler et al., 2004 (Bussler et al., , 2005 Ranius et al., 2005; Macagno et al., 2012; Stan & Nitzu, 2013) . Ten dry tree pitfall traps were used and 98 transects were investigated. Transects were noted on the map with black points from T1 to T98 (Fig. 2 ). All transects were investigated only once/study period. The tree pitfalls were checked every four days.
The length of each transect was 500 metres with a width of 50 metres. Transects were chosen taking account of the preferred habitat of the saproxylic beetles investigated: deciduous natural or planted mature forest, riparian areas with forests. Dead and live adults, exoskeletons or fragments were all counted. After identification and counting, the live individuals were released.
For Osmoderma eremita, an inspection was made of reachable cavities for larvae, or remains of adult beetles and larval faecal pellets in the wood mould. The dry tree pitfall trapping (PT) was carried out during summer (July-August), when the adults were active (Fig. 2) . The pitfall traps were placed in the hollows of living, standing trees (Fagus sylvatica L., Quercus cerris L., Carpinus betulus L.). The traps were checked at every second day (Ranius, 2002; Martin, 2002; Ranius et al., 2005) . The observation points, transects and geographical coordinates were recorded with Garmin eTrex GPS. At the same time the transect number, the toponymy, altitude, the habitat, microhabitat and development stage were recorded (Tab. 1). In order to provide some conservation measures for these four beetles, any threats were noted, using the classification of Salafsky et al., 2008 . For morphological details a Zeiss stereomicroscope and a Sony, full HD 1080 digital camera were used.
GIS mapping
In order to map the spatial distribution of the four species in the PrigoriaBengeşti Natura 2000 site, we used presence data gathered with GPS techniques from field observations. Tree trunk
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According to IUCN criteria and to Council Directive 92/43/EEC, the most commonly used method for determining species distribution ('limits of distribution' or 'field guide' maps) is based on the following parameters:
• extend of occurrence (EOO) ≡ area that contains all known, inferred or projected sites of occurrence, also known as Minimum Convex Polygon -MCP; and • area of occupancy (AOO) ≡ the area within its extent of occurrence, which is occupied by a taxon, excluding cases of vagrancy (Burgman & Fox, 2003) . Both EOO and AOO are calculated on the EEA grid by 1x1 km (EEA reference grid 2015) proposed by the European Community for the reporting of article 17 of the Habitats Directive. We used Ramas Red List 3.0 (Akçakaya & Root, 2007) to calculate the indicators that describe the home range of the four species in the Prigoria-Bengești site: Extend of Occurrence (EOO) and Area of Occupancy (AOO) -indicators that were mapped using ArcGIS Desktop 10.1 (ESRI, 2012) . After GIS mapping analysis, the EOO and AOO of the Lucanus cervus were defined. The EOO was estimated as 14.33 sqkm (1433 ha), which represents 57.55% of the total area of Prigoria-Bengeşti. The AOO was estimated as 6.5 sqkm (650 ha), representing 26.10% of the SCI (Fig. 3A) .
Morimus funereus was observed in 16 of the transects investigated, with a total of 47 individuals and a sex ratio of 29♂: 18♀. All these transects were situated in 9170 Galio-Carpinetum oak-hornbeam forests, with an average altitude of 444.41 m (Tab. 1). Specimens were found on logs of Q. cerris L., Q. petraea L., C. betulus L. or F. sylvatica L. The highest numerical densities were obtained in T53 (9 individuals), T54 (5 individuals) and T69 (7 individuals) ( Table 1 ). The species was found from May to September, 2014. The EOO was defined as 5.91 sqkm (591 ha) i.e. 23.73% of the total area of the SCI, whilst the AOO was 5.86 sqkm (586 ha), representing 23.53% of the studied area (Fig. 3B) .
Focussing on the structure of the Cerambyx cerdo populations, 22 individuals were identified in 9 transects, with a sex ratio of 18♂:4♀. Most individuals occurred in 9170 Galio-Carpinetum oak-hornbeam forests, on trunks of Q. cerris L. and Q. petraea L. -indeed, 80% of transects where this species was identified were located in this habitat. However, some examples of Cerambyx cerdo were also found in 91Y0 
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Dacian oak-hornbeam forests (Tab. 1). The species was found from May to September, 2014. After map-processing, the EOO was evaluated as 6.89 sqkm (689 ha) i.e. 27.67% of the total Prigoria-Bengeşti SCI and the AOO was calculated as 5.78 sqkm (578 ha), equivalent to 23.21% of the area investigated (Fig. 3C) . Although ten tree pitfall traps were placed in tree-hollows, no adult specimens of Osmoderma eremita were captured with this method. Direct observations identified one male, larval faecal pellets and seven pupation chambers. These records were for hollows of still living, standing trees of Q. cerris L., Q. petraea L. and F. sylvatica L.
(over 80 years old). One observation point was located in 91M0 Pannonian-Balkanic Turkey oak-sessile oak habitat and the others two in 9170 Galio-Carpinetum oakhornbeam forests (Tab. 1). An adult-female was identified in August, 2014. Using GIS techniques, its EOO was estimated as 3 sqkm (300 ha), equivalent to 12.04% of the SCI, and the AOO represents 2.84 sqkm or 11.40 % of the studied area (Fig. 3D) .
discussion
Lucanus cervus (Linnaeus, 1758) is a silvicolous, xylodetriticolous, succicolous and saproxylic species. Specimens from the Prigoria-Bengeşti SCI were observed on trunks of Quercus cerris L., Q. petraea L., Fagus sylvatica L., Carpinus betulus L., but also in litter (Fig. 4B) . From the saproxylic beetles of community interest, Lucanus is the most frequent species on this site. It is distributed over five of the six Natura 2000 habitats recorded in the SCI, and its EOO extends over more than half of the Prigoria-Bengeşti site. This high recorded numerical abundance is due to the presence of many favourable habitats. However, some threats, which in future may cause a decreased abundance, were identified: forest thinning/cleaning cuts associated with extraction of timber derived mainly from old trees; and the high number of paths and trails (Fig. 4) .
Morimus funereus Mulsant, 1862 is a stenotopic, silvicolous, xylodetriticolous, xylophagous and saproxylic species. According to IUCN criteria, this beetle was considered a vulnerable species (Nieto & Alexander, 2010) . It was identified on logs from one single type of habitat: 9170 Galio-Carpinetum oak-hornbeam forests, which occupy more than half of the Prigoria-Bengeşti area, where the trees are over 70 years old (Fig. 4C, 4D) . The EOO and AOO of Morimus funereus cover almost a quarter of the SCI. Because of their inability to fly, adults of the genus Morimus are poor dispersers and therefore suffer particularly from habitat fragmentation (Thomas, 2000; Chiari et al., 2013) . The high number of forest roads in Prigoria-Bengeşti SCI represents an important threat to Morimus funereus populations (Fig. 5) . This species was found on logs, in the vicinity of small wood exploitation (where about 5-6 trees had been cut). This observation is in concordance with results obtained by other specialists, which demonstrate that this beetle is attracted to fresh deadwood at ground level (fallen logs, stumps or other wood), where it lays eggs (Vrezec et al., 2012; Chiara et al., 2013) . These piles could act as ecological traps if they are chipped and/or removed before the beetles have emerged. If not removed, they can function as an important substrate for many other saproxylic organisms (Chiara et al., 2013) . On the other hand, an increased rate of tree cutting would modify the forest microclimate, influencing the life cycle of Morimus funereus (even disturbance in the metabolism of larvae) or reduce its food source (Djordjević et al., 1995) .
Cerambyx cerdo Linnaeus, 1758 is a stenotopic, pholeophilic, xylodetriticolous, lignicolic, xylophagous and saproxylic species. According to IUCN criteria, it is considered vulnerable (Nieto & Alexander, 2010) . It was recorded on tree trunks of (Fig. 4E, 4F ). The EOO and AOO are comparable with those of Morimus funereus, representing almost a quarter of the Prigoria-Bengeşti area. These habitats are characterised by the presence of open spaces, with sun-exposed trees. Research showed that the species richness and number of red-listed saproxylic beetles are significantly higher in sun-exposed trees, even though larval development of Cerambyx cerdo takes place in the interior of the trunk (Buse et al., 2007) . As mentioned above, the main threats to Cerambyx cerdo in Prigoria-Bengeşti are forest thinning and cleaning cuts (when dead and dying wood is often removed) and the presence of many forest paths (Fig. 5) . On one hand, creating more forest trails will lead to habitat fragmentation. Relationships between dead wood connectivity and beetle richness existed only at a local scale (50-150 m). Small fragmented populations may also be affected by the low dispersal ability of this beetle, as it hinders its ability to colonise new, suitable habitats (Schiegg, 2000; Buse et al., 2007) . On the other hand, however, active management that prevents canopy closure is crucial to survival of Cerambyx cerdo (Albert et al., 2012) . Osmoderma eremita (Scopoli, 1763) is a stenotopic, pholeophilic, silvicolous, xylo-detriticolous, phytophagous and saproxylic species. According to IUCN this species is vulnerable -Bern-II; FFH-II, IV (Nieto & Alexander, 2010) . In the PrigoriaBengeşti SCI, it was found in old forests with Q. cerris L. and Q. petraea L, similar to elsewhere in Europe. Oaks are the trees mainly used by this species, followed by lime (Tilia spp.), willow (Salix spp.), beech (Fagus sylvatica L.) and fruit trees (Prunus spp., Pyrus spp., Malus domestica Borkh, 1803). Osmoderma eremita is still found in some remnants of natural forest, but is mainly observed on land that has long been used by humans, such as pasture woodlands, hunting parks, avenues, city parks and trees around agricultural fields and along streams (Ranius, 2002; Ranius et al., 2005; Audisio et al., 2007) . The main threats to this species were: forest thinning/cleaning cuts associated with extraction of old/mature trees with hollows from the forest; and the presence of many forest roads, paths or trails (Fig. 5) .
According to Ranius et al. 2005 , a conservation plan for Osmoderma eremita should include three aspects that are of general importance in Europe today: preservation of remnants of natural forests with old, broad-leaved trees; preservation and restoration of habitats related to traditional agricultural landscapes; and preservation of remaining "islands" of nature in urban areas.
Considering the threats to all four investigated saproxylic Natura 2000 beetles from the Prigoria-Bengeşti SCI, we concluded that forest thinning associated with timber cutting and extraction of old/ or mature trees, could change the forest microclimate, affecting the development cycle of these invertebrates. At the same time trophic resources for the beetles will diminish. In the extensively managed forests, regular cutting of trees should be implemented to create artificial stumps, in order to assure a continuity of deadwood and, in the meantime, increase the number and width of openings in the forest. Moreover, prolonging rotation times can assure the presence of deadwood at intermediate or later stages of decay (Schiegg, 2000; .
The number of beetle taxa was significantly and positively related to the diameter and the state of trunks, the percentage of dead wood inside the crown, the number of large pieces of dead wood within the crown, the accumulated length (m) of large pieces of dead wood on the ground and the number of large pieces of dead wood on the ground (Schiegg, (2017) , revealed that carefully designed hiking trails could be beneficial to conservation as they have the potential to boost sustainable natural areas and enhance public awareness. However, in the PrigoriaBengeşti area, the excessive number of forest paths and trails, randomly generated, could lead to habitat loss and/or fragmentation, as well as soil erosion and facilitating access of humans and machines to natural, undisturbed habitats (Thomas, 2000) .
Additional anthropogenic disturbance includes the grazing of forest stands by goats, sheep and cows in the vicinity of the grasslands. Studies revealed that grazing on a large spatial scale and at low intensity, with large herbivores, such as horses or cattle, promises the best impact to generate suitable landscape and tree-level conditions of oaks, especially for the occurrence of Cerambyx cerdo. Because of their ability to feed on the lower canopy branches and leaves, large herbivores are important for opening the trunks to the sunlight. Surprisingly, grazing seems to be important for oak recruitment (Buse et al., 2007) . It is essential to pay attention to this anthropic factor, because unmanaged grazing can quickly and easily transform into overgrazing.
Due to the fact that most (>95%) of the investigated forest within the PrigoriaBengeşti SCI is private property, there is a risk that these threats will increase in their intensity. For this reason, a suitable forestry management plan, which includes strict control of tree cutting and of the timber volume to be extracted, should represent an efficient tool for saproxylic Natura 2000 beetle conservation.
Conclusions
Three saproxylic Natura 2000 beetle species were identified in PrigoriaBengeşti SCI, in concordance with the Standard Form: Osmoderma eremita (Scopoli, 1763), Lucanus cervus (Linnaeus, 1758) and Morimus funereus Mulsant, 1863. At the same time, another species with conservative value was found: Cerambyx cerdo Linnaeus, 1758. All beetle species are protected according to both national and European legislation.
The highest numerical abundance was recorded for Lucanus cervus, followed by Morimus funereus, Cerambyx cerdo and Osmoderma eremita. The Natura 2000 habitat 9170 Galio-Carpinetum oak-hornbeam forests was the most favourable type of ecosystem for the investigated beetle species.
Their EOO and AOO varied, depending on habitat preferences, classified according to Natura 2000 criteria. More than half of the area of the Prigoria-Bengeşti SCI represented EOO for Lucanus cervus; between 23.21-27.67% was considered as EOO and AOO for Morimus funereus and Cerambyx cerdo. Osmoderma eremita had the smallest proportion of ROSCI 0359 that represented EOO (12.04%) and AOO (11.40 %).
All identified beetles of community interest were silvicolous, xylodetriticolous and saproxylic species, found in mature/old deciduous forest, especially in Dacian forest with Quercus petraea L., Fagus sylvatica L. and Carpinus betulus L., with Carex pilosa Scop., and were found in different microhabitats: litter, tree trunks, logs, tree hollows. The local investigations revealed two major threats to the beetles e.g. forest thinning associated with timber cutting and extraction; and the high number of paths and trails. Due to the insular nature of the Prigoria-Bengeşti SCI, the appearance of any new disturbance factors or increased intensity of those mentioned above, will had a negative impact on the populations of the investigated saproxylic beetles (decreasing the number of individuals, modification of the sex ratio, limiting or elimination of the young generations). This confirms the need for a proper forest management, which could comprise a strict control of tree cutting and of the timber volume that may be extracted, the limiting the number of roads, paths and trails and grazing surveillance.
